Aphasia, an acquired language disorder, affects some 5,000 patients each year in Switzerland. Recovery from and therapy for aphasia are challenging areas of study for neuro rehabilitation because they concern one neurological d omain (language) but different functions, such as verbal communication and activities involving daily life and self-organisation. The vast majority of aphasia patients have the potential to recover, if they do not suffer from d ementia. Studies on therapy efficacy suggest that different types of therapy have their merits, including group therapies or treatment involving families, but they: (1.) must be adapted to the type of aphasia; (2.) must be adapted to the patient; and (3.) often require a minimum of intensity (between three sessions per week and once a day during the acute phase) and of duration (at least three months). Focused i nterventions in the chronic phase have also demonstrated their effectiveness. Moreover, in about half of the cases, t herapy in one language can be generalised to another language spoken by the patient.
Introduction
Aphasia is a language disorder caused by an acquired lesion of the central nervous system. Phenotypes of aphasia are supposed to be simple, since they refer to one cognitive d omain, but are in fact complex because they can alter phono logical, semantic, syntactic, pragmatic (the capacity to integrate language into the context) levels, and even d iscourse and executive aspects of language. This is why aphasic syndromes can be so heterogeneous. Classical Broca and Wernicke aphasias represent only 26% of the selected population. In terms of lesions, aphasia occurs after focal brain lesions in the perisylvian area of the left hemisphere in 99% of right-and 70% of left-handed people, particularly in the cortical temporoparietal, insular and frontal regions, but also in the subcortical and thalamic areas (following the b orders of the "quadrilatère de Pierre Marie"). The aetiology of aphasia is vascular in 80% of cases; other aetiologies include tumours, brain injury, hypoxia, neuroinflammatory Aphasia following a stroke: recovery and recommendations for rehabilitation disorders, and, with increasing age, language-specific neurodegenerative processes such as primary progressive aphasia. The incidence of aphasia due to first strokes is 0.43 per 1,000 each year, which means 3,440 new aphasics in Switzerland per year after a first stroke [1] . The prevalence of aphasia is evaluated at 30% in all cases of strokes, and one can evaluate the present number of aphasics in Switzerland at around 5,000, of whom 4,000 are vascular in origin.
Outcome of aphasia
In a cohort of initial aphasic patients following strokes, 44% of survivors have no more aphasia after six months. In fact, speech features normalise in about one-third of patients with initial aphasia after one month, then the recovery curve flattens [2] . However, severe chronic aphasia is not rare, since one year on 19% of stroke patients still suffer from persistent communication disorders [3] . The most i mportant prognostic factors for recovery are the initial s everity of aphasia, the size of the lesion and (probably) the functional activation patterns during the acute phase (86% correct prediction) [4] .
Other negative predictors include ischaemia-induced l esions which exceed a volume of 100 cm 3 , prior strokes and other linguistic or non-aphasic cognitive disorders. The e xtent of recovery is independent of education and/or p rofession. The influence of factors such as handedness, age, and sociocultural background seems low. Aphasia affects the possibility of returning to work, since after three years only 20% of patients with acute post-stroke aphasia have returned to their job even partially, whereas 40% have done so if they did not have aphasia [5] .
Recovery mechanisms
Recovery mechanisms for moderate to severe aphasia i nclude functional and neural elements. On the functional side, language recovery often starts with an improvement of comprehension capacities, with production abilities improving in a second phase [6] . Improvement of comprehension in the first two weeks is a positive sign of general language recovery. Like all motor and cognitive processes, the recovery of language necessitates a process of explicit re-learning. This point is conceptually important: although oral language is generally learned in an implicit incidental way, relearning and speech therapy is based on explicit strategies, and this may influence neural processes of recovery. On the neural side, three m echanisms appear to play important roles: 1. In the first week functional imaging studies show i nitially a reduced activation of the remaining left l anguage areas, followed by an upregulation of the homo logue (right hemispheric) language zones. This improvement correlates with an improvement in l anguage during the first month. In the third phase (4-12 months), a normalisation of activation has been observed, and it has been suggested that this reflects the consolidation of the language system [7] . Therefore, the right homologue area plays a role in l anguage recovery, but the efficient restoration of l anguage is usually only achieved if the left temporal areas can be reintegrated into the functional network [6] . 2. Recovery is favoured by the integrity of the hippocampal structures [8] , suggesting the important role of explicit learning in language recovery. 3. Subcortical and frontal lesions are often associated with earlier reactivations of the left superior temporal gyrus (STG) during language tasks and consequently with better outcomes; and also during simple language tasks such as word repetition.
Principles of language therapy

Indication
Losing the ability to express and understand language after a stroke (or brain damage) has painful consequences and impacts the quality of life of the affected people and of their families. Communication is essential in daily life, and for s ocial activities and participation [9] . After a stroke, people with aphasia (or suspected aphasia) should be referred to an appropriately qualified and specialised speech and language therapist for detailed language assessment; that is, for the evaluation of the presence, nature and severity of the language impairment. This should be followed by a targeted specific language and communication training [10] . In Switzerland, it is the physicians' responsibility to prescribe the assessment and therapy for aphasics. To p articipate in l anguage treatment, patients need attention, concentration and motivation [11] .
Assessment of aphasia
Assessment of aphasia is a target-oriented evaluation of l anguage impacts. It is performed at any stage of treatment: at the beginning, during and at the end of therapy. At the b eginning, a specific and detailed assessment is necessary to identify and describe the patients' language abilities. Later it is essential to include the impairment in communication inter actions, as well as the impact on daily life and the p atients' restriction in participation [12] . The assessment has the following goals:
• designation of aetiological factors: presence or absence of aphasia and associated problems;
• determination of (neuro)linguistic skills: verbal expression, auditory comprehension, reading and writing; • analysis of language in everyday life: pragmatic abilities and communication in different social situations; • establishing of intervention goals: treatment prognosis and specification of intervention goals from which a ppropriate intervention and procedures are established. A crucial issue in the assessment is the stage of the disorder. In particular, aphasia screenings are performed in the acute stage, whereas batteries/tests are used later in the chronic stage [13] . Evidence-based practice suggests the use of psychometrically-controlled tools. Helpful screening tools in German are the Kurze Aphasieprüfung, the Aphasie-CheckList or the Language Screening Test in French [14] [15] [16] . For further assessments, speech therapists use assessment tools which help to determine the severity and which help to analyse and to understand the complexity and p atterns of the patient's language. These instruments provide information about the strengths and weakness in dif ferent modalities of their spoken and written languages.
According to the World Health Organisation (WHO) framework (International Classification of Functioning), the specific assessment should also incorporate highly or moderately structured observations such as, for instance, retelling a story, describing pictures, nonstandard spontaneous language analysis or the fluency in different semantic naming tasks [17] . Dialogue situations support the examination of comprehension in communication interactions and elicit production of spontaneous language, including compensatory strategies (verbal and nonverbal) in everyday situations. Assessment of reading and writing must also take into consideration the individual's ability and performance in everyday life [18] . The patient's attitude to his or her language disorder is also an important aspect. Finally, the specific assessment should also make use of observations from c linical professionals, family and friends, who can often p rovide valuable information about the patient's current language skills, activities and participation in life [13] . Tools for collecting this type of information are the Fragebogen zu den Auswirkungen der Sprachstörungen auf die Alltagskommunikation, the Communication Effectiveness Index CETI and the
Echelle de Communication Verbale de B or d eaux ECVB [19-21].
The Therapieindikatoren Aphasie helps speech and language therapists to summarise the n ature and degree of patients' language impairments, as well as the impact on personal a ctivities and social participation [22] . In the future, it would be desirable if new theoretically well-founded tests and a ssessment tools could be developed, with the aim of identifying the functional and social con sequences of aphasia [13] .
Goals of therapy
Aphasia is a chronic disorder with long-term consequences. In line with the International Classification of Functioning, Disability and Health of the WHO, the improvement of communication and social participation is the ultimate goal of therapy [23, 24] . The restoration of the linguistic processing is essential for communication and participation. The improvement of verbal expression and comprehension in spo-ken and written language is a fundamental aim of aphasia intervention.
Despite linguistic progress, many people with aphasia have residual communication problems. Achieving an optimal level of communication, given these linguistic deficits, is fundamental for social participation. In the eyes of people with aphasia and their families, the recovery of their communicative functions is a most important goal [25] .
The optimisation of communicative strategies and effectiveness involve both the client and their communication partner [26, 27] . There are goals relating to the patients' psychological factors, such as reducing frustration and increasing their acceptance of aphasia, their confidence and independence. Information about aphasia, stroke, rehabilitation or support groups serves to empower the patient and leads to greater independence [28] .
In practice, the treatment goals are set individually and should be negotiated directly with the patient and/or their relatives.
Treatment of language impairment
Aphasia is a heterogeneous disorder and the severity and type of aphasia change over time. The initial severity and type of aphasia influence language recovery [29] . Recovery from aphasia varies widely between individuals, aphasia t ypes and its initial severity. Further improvement, even in the chronic stage, is possible [30] .
There is a broad range of treatments for aphasia which are currently in use, although there is no universally established intervention that is valid for every individual [31] . At the start of the treatment, the therapists establish the goals and the methods to be used, taking into account the various key factors [23] . Normally the therapist chooses from a d iversity of therapeutic methods or applies an individually adapted method/programme when appropriate [31] .
Acute phase
Cognitive therapies. Cognitive-or neuro-linguistic oriented treatment concentrates on language-specific impairment and the treatment involves specific tasks such as naming, s emantic or phonological training, sentence production, writing and reading. Other approaches include multimodal treatment or computer-based aphasia treatment. These i nterventions are based on psycholinguistic or cognitive neuropsychological models.
Functional therapies. The functional treatment approach aims at achieving a level of communication with interactive focused-intervention such as PACE (Promoting Aphasia Communication Effectiveness) or therapeutic role-playing, dialogue training, the use of strategies and alternative and augmentative training such as gestural cueing [32] [33] [34] . People with severe aphasia in particular may benefit from augmentative and alternative communication strategies used in functional activities [34] . The information and training of communication partners and the reduction of communication barriers in the external environment are complementary approaches used in cases of severe aphasia [12] . All the above-mentioned approaches are useful for enhancing social activity and participation and help to increase the i ndividual's quality of life [10, 12] .
Chronic phase
At the chronic phase of aphasia, the following methods are established, based (at least partly) on the evidence to date:
• linguistic task-specific therapy (semantic, phonological or syntactic treatment); • computer-based treatments;
• Constraint-Induced Aphasia Therapy (CIAT), where the use of nonverbal communication strategies is not a llowed; • group language therapy; • training conversation/communication partners in community-based aphasia programs [30] . Treatment-specific effects are linked to the type of i mpairment; for example, task-specific semantic therapy i mproves semantic skills and phonological training improves phonological processing. Both methods may improve verbal communication [33, 35] . Participation in group therapy r esults in communicative and linguistic improvements [33, 35] . Constraint-induced aphasia therapy may result in i mproved language function and everyday communication.
Combined with additional training in everyday communication, this therapy leads to a greater improvement in communication effectiveness [30, 35, 36] .
Interventions are, in general, individually tailored and used in conjunction with additional group therapy. Treatment should also involve communication partners. To maximise functional communication, speech and language, t herapists working with aphasia patients should also involve the patients' families and carers [31] . Aphasia therapy should be led by an appropriately qualified speech and l anguage therapist [10] . As mentioned earlier, language t herapy is most effective when provided intensively. Therefore, patients' language therapy provided by the speech and language therapist can be complemented by including t rained and supervised family members or care persons (e.g., to help with additional self-managed computer treatment) [33, 37, 38] .
Principles of a participation-orientated aphasia i ntervention
Aphasia rehabilitation involves more than simply treating speech and language. Chapey et al. have considered a change in the treatment of aphasia which has led to a growing interest in treatments that produce meaningful real-life outcomes [39] . Although a social approach to aphasia is r elatively new and further research is needed, there is e vidence that social communication, communication opportunities and well-being benefit from this form of intervention [40, 41] .
People with aphasia have to learn to cope with activity limitation due to their communication problems. They need support to improve their participation in everyday life [42] . Chapey et al. argue for a "Life Participation Approach to Aphasia" (LPAA), which focuses on reengagement in life from the beginning to the end of the therapy [39] . The every day concerns of individuals with aphasia and others a ffected by it are at the centre of all decision making. A p articipation-oriented treatment emphasises competence and inclusion in daily life, focusing as much on the consequences of the disorder as on the language difficulty.
Communication, increasing participation, providing support systems and increasing confidence are specific objectives in social approaches to aphasia interventions [40] . Outcome evaluation involves documenting the quality of life and participation changes [13, 23] . Discharge from therapy should be discussed with the patients and their relatives [43] , as the consequences of aphasia change over time. The patients can decide whether to discontinue the treatment and re-enter later should they wish to continue working on an existing goal or to attain a new life goal.
Environmental factors
One of the determining factors in the effectiveness of therapeutic intervention is the amount of environmental support given to people with aphasia. A highly supportive environment can lessen the consequences of aphasia [39, 44] . Communication training of both the patients and their spouses can help to improve everyday communication and support the "hidden victims" of aphasia. Partner or family training enhances communication and also potentially e xpands the opportunities for satisfying interactions [27, 40, 45] . To facilitate participation in social life, other communication partners such as friends, service providers, work colleagues et cetera should be informed about aphasia and helpful strategies for communication.
Aphasia therapy in bilinguals
Bilingual aphasic patients show different patterns of recovery after a stroke, ranging from parallel recovery in most (60%) of the cases (i.e., when both impaired languages i mprove to a similar extent and concurrently) to selective recovery of a given language (i.e., one language remains i mpaired while the other recovers, whether it is L1 or L2), or, in rarer cases, a pathological mixing of two languages (i.e., the elements of the two languages are involuntarily mixed during language production) [46] . Factors such as proficiency, immersion, emotional and social relationship with the other language play important roles.
The few studies that have addressed the subject of i nterlanguage transfer from language therapy [47] suggest that: (1.) simultaneous therapy in both languages may delay language recovery; (2.) therapy in one language does formally transfer to the other language in around 50% of cases; (3.) this transfer seems more consistent from L2 to L1 than inversely; and (4.) transfer is easier when both languages have common roots.
Effectiveness of language therapy
The effectiveness of language therapy in poststroke aphasia has been extensively studied since the 1950s. There is good evidence that frequency (intensity) and amount(duration), as well as starting time have an impact on the effectiveness of language therapy [48] . Recent reviews and guidelines considered not only Randomised Controlled Trials(RCT), but also rigorous single case studies [49, 50] . Single case studies are now considered as a source of acceptable evidence in this specific field, in which the application of the RCT m ethodology remains difficult for several reasons: the lack of consensus on the treatment's target, the methodology of the intervention and the assessment of the outcomes. A f undamental difficulty of this approach lies in the highly heterogeneous nature of cognitive deficits.
The 2012 Cochrane review concluded that there is some evidence of the effectiveness of language therapy regarding improved functional communication, receptive and expressive language. Some indication of the benefits of intensive over low frequency language therapy was observed, but no difference in functional communication outcome was found. The potential benefits of intensive over conventional language therapy were lessened by a significantly higher dropout from intensive therapy. In the comparisons of language therapy versus no language therapy, therapy resulted in significant gains in functional communication, comprehension and expressive language [31] .
According to the guidelines on cognitive rehabilitation of the European Federation of Neurological Societies, there e xists considerable evidence for a probable effectiveness for language therapy in poststroke aphasia (grade B recommendation) [49] .
In the updated review of the American Congress of R ehabilitation Medicine, cognitive-linguistic therapies are recommended as a practice standard during the acute and postacute rehabilitation for language deficits secondary to left hemisphere stroke. Cognitive interventions for specific language impairments, such as language formulation or read ing comprehension, are recommended as practice guide lines after left hemisphere strokes [35] .
Dosage and timing for starting language therapy
The interaction between timing, treatment intensity, outcomes and other variables that impact the therapeutic p rocess seems to be complex [48] . Currently, there is no agreement on an operational definition of low and high frequency language therapy.
Recently, Basso et al., (2011) in a systematic review, searched the literature from 1950 to 2007 for neuropsychological (cognitive) treatments for vascular aphasic disorders, including meta-analyses, systematic reviews, group studies and single case studies [50] . All included meta-analyses confirmed the efficacy of aphasia rehabilitation. When groups of treated and untreated patients were compared, improvement was always significantly greater in the treated patients, unless treatment was short or of low frequency. The amount of therapy seems to be a key factor.
Group studies which failed to demonstrate effects of language therapy tended to have shorter duration (two to three months) or low intensity of therapy (usually two hours weekly or less) [50] [51] [52] .
In the Constraint-Induced Language Therapy approach (CILT), oral production exercises are administered for several hours a day over a relatively short period of time (two weeks). CILT has often been successful in chronic patients [53, 54] . But other approaches, such as model-oriented t herapy or PACE, have also provided positive results in chronic patients when administered with an intensity equal to CILT [55, 56] .
Early-starting interventions
Therapies which start early are necessary in order to reduce non-use and maladaptive compensatory strategies as well as to reduce the psychological strain caused by aphasia. C urrently, two studies have investigated language therapy starting within two or three days after onset of a stroke. Laska (2011) found significant communication benefits in some, but not all, patients. Starting within two days after the stroke onset, patients were given 45 minutes of therapy, five times a week over three weeks. A post-hoc analysis showed that a group of patients with fluent aphasia improved significantly [2] . In the Australian trial [11] , the treated patients received 30-80 minutes of language therapy, five times a week over one month, starting within three days after onset. Communication outcomes were better in the daily treatment group compared with a group of patients who received only the usual care (spontaneous recovery alone) at three weeks poststroke [11] . Remission effects due to spontaneous recovery can almost be doubled by starting language therapy intervention in the first weeks after a stroke [57] .
Interventions in the chronic phase
There is a potential for recovery through language therapy even years after the onset of aphasia [30, 58] . A strong relationship between intensity and positive outcomes has been established in the chronic phase [48] . Basso and Macis (2011) report on a retrospective study where patients with chronic aphasia received weekly sessions of language therapy and in addition completed two to three hours of homework with the help of a family member, supervised by a professional therapist. Therapy lasted as long as improvements were evident. Only four of the 23 enrolled patients showed no improvements. The authors explained the late recovery as a result of the intensity of the work done [37] .
Future research should systematically investigate the e ffects of treatment intensity both independently and in combination with influencing factors. Outcomes should be measured on the impairment and the participation levels.
Other therapies
Other options that have been "scientifically studied" include pharmacotherapy and magnetic or electric stimulations.
Three types of molecules have been studied in controlled or open trials: cognitive enhancers, dopaminergic and serotoninergic substances. The theoretical background is not very clear, but the main purpose seems to be to globally stimulate brain processes for the first two classes and to i ncrease neural functional reorganisation for the third class. A certain consensus is that dopaminergic drugs given in c onjunction with therapy do improve the effects of therapy, particularly in patients with frontal cortical or subcortical l esions. The strongest effect has been seen on the speed of language production [59] . Other effects of cognitive e nhancers have included piracetam 4.8 mg/day [60] , memantine, a nticholinesterase inhibitors and dextroamphetamine [61] . However, none of these therapies are c urrently reimbursed for aphasia therapy, except in some exceptional situations. Reimbursement can sometimes be r equested, particularly if the aphasia is of traumatic origin, the patient is young and it can be demonstrated that the therapy can change the functional level of the patient.
The first studies using Transcranial Magnetic Stimulation (TMS) on aphasia were performed by Martin et al. (2004) and Naeser et al. (2005) [62, 63] . Since then, several studies have revealed that TMS and transcranial Direct Current S timulation (tDCS), which are noninvasive brain stimulation techniques, are useful tools for enhancing recovery in aphasia. These noninvasive brain stimulation tools allow areas of interest in the brain to be focally stimulated by increasing or decreasing the excitability in targeted cortical a reas. Most stimulation studies on aphasia are based on the assumption that right hemispheric overactivation may i mpair language recovery and thus apply inhibitory repetitive TMS to right-sided homologues. For a review of TMS studies in aphasia, see Medina et al. (2012) and for a review of tDCS studies in aphasia, see Torres et al. (2013) [64, 65] .
Most studies with repetitive TMS stimulate the pars t riangularis homologue of Broca's area and observe improvements in the Boston Naming Test and picture naming, spontaneous speech improvements and improvements of auditory comprehension [66] [67] [68] . All these studies showed that patients with moderate symptoms demonstrated the greatest improvements compared to mild or severe cases. Cotelli et al. (2012) observed improvements when stimulating the dorsolateral prefrontal cortices [69] .
One week of intensive language treatment for apraxia in aphasic patients associated with tDCS anodal stimulation (which increases excitability) of perilesional areas improved naming accuracy and reaction times in aphasic patients [70] . The beneficial effects persisted for up to two months after treatment [70] . Vines et al. (2011) observed a beneficial e ffect of melodic intonation therapy, which was increased with anodal stimulation over the right posterior inferior frontal gyrus [71] . Kang et al. (2011) showed improvements in picture naming with cathodal stimulation (which decreases excitability) of the homologue of Broca's area [72] .
A very recent study by Marangolo et al. (2013) demonstrated that bihemispheric tDCS stimulation of left (excitatory stimulation) and right frontal (inhibitory stimulation) areas significantly increased the accuracy and the speed in articulating and could be generalised to many other language tasks like word repetition, word reading, picture d escription, noun and verb naming, reduction in phonological errors and improvement in speech praxis. These effects were still observable one week later [73] .
From the foregoing clinical evidence, it can be concluded that both rTMS and tDCS have beneficial effects on both f luent and nonfluent aphasia. The action of these noninvasive methods seems to involve the reversion of the i mbalance of interhemispheric inhibition after a stroke. S everal studies stress the importance of combining anodic tDCS stimulation over the perilesional areas with classical language therapy to obtain the most beneficial effects [73] .
Recommendations
Following a stroke, patients with suspected aphasia should be referred to an appropriately qualified language therapist for detailed assessment of language deficits and their impact on communication and also their participation in social life.
Language therapy should start within the first days after the stroke, as soon as the patient is able to cope [11, 24] . I npatients should be given daily sessions (five times a week for up to 45 minutes). Treatment protocols should be adapted to the individual patient's condition. Very intensive therapies may provoke high dropout rates, especially in the first four weeks [74] . Usually outpatients should attend at least three times a week in the postacute phase.
In the chronic phase, intervals with intensive language therapy are recommended [24] . Maintenance of the ability to communicate is now also considered as an indication for treatment. Language therapy later than twelve months after the onset of aphasia should also address the transfer of reacquired communication skills. Low frequency language therapy (one to two times a week) is recommended for s upporting the transfer and/or maintenance of reacquired communications skills. The duration of language therapy is an important factor in recovery. The length of intervention in the postacute and chronic stage should be at least three months [10] .
The patient's family and carers should be involved in the therapy.
Language therapy provided by the therapist can be intensified by doing additional homework or self-managed computer therapy eventually with the help of carers [37] .
